Superconductivity develops in metals upon the formation of a coherent macroscopic quantum state of electron pairs. Iron pnictides and chalcogenides are materials that have high superconducting transition temperatures. In this Review, we describe the advances in the field that have led to higher superconducting transition temperatures in iron-based superconductors and the wide range of materials that form them. We summarize both the essential aspects of the normal state and the mechanism for superconductivity. We emphasize the degree of electron-electron correlations and their manifestation in properties of the normal state. We examine the nature of magnetism, analyse its role in driving the electronic nematicity, and discuss quantum criticality at the border of magnetism in the phase diagram. Finally, we review the amplitude and structure of the superconducting pairing, and survey the potential settings for optimizing superconductivity.
This has led to extensive experimental and theoretical studies on the effect of electron correlations and the nature of magnetism in the iron pnictides and chalcogenides. In the process, several significant properties have been discovered. One is electronic nematicity and its relationship to magnetism. Another concerns quantum criticality which arises at the border of the AF order. All these effects are also intimately connected to the amplitude and structure of the superconducting pairing.
The purpose of the present article is several fold. We first summarize the materials basis and electronic structures for the FeSCs. We then present a status report on key aspects of the microscopic physics. At the present time, a variety of theoretical approaches are being taken to understand these systems. Rather than describing any theoretical framework, we have organized this part of the article by considering the hierarchy of the significant energy scales in these materials: Coulomb repulsion with an order of magnitude of 1 eV, followed by the energy scale for the antiferromagnetism, of order 0.1 eV and reaching down to the superconductivity, whose pairing energy scale is on the order of 0.01 eV. Our conclusion includes a discussion of the prospects for further discoveries and understandings as well as the implications such studies have for the overall field of unconventional superconductivity.
I. MATERIALS BASIS AND ELECTRONIC STRUCTURES
FeSCs have an extensive materials basis. FeSe trilayer corresponds to an Se-for-As replacement of an FeAs trilayer. The potassium iron selenides 25,26 K x Fe 2−y Se 2 , can be viewed as derived from the FeSe system by inserting K ions between two FeSe trilayers. In these bulk iron selenides, the maximum T c that has been reached is similar to that of the 122 iron pnictides. More recently, "single-layer"
FeSe on SrTiO 3 substrate ("STO") has been fabricated 4, 6 . In this material, there has been substantial evidence for superconductivity up to 65 K, as indicated by the opening of a gap in the electron spectrum 5 and the onset of Meissner effect 7 , as well as a report of T c of 109 K, as evidenced by electrical transport measurements 8 .
Despite the similarities in their crystal structures, an important feature for the FeSCs is a large variation of their electronic structures. This is highlighted by the Fermi surfaces. into tiny hole Fermi pockets after a Lifshitz transition 29 . We note that Fig. 2c illustrates the Fermi surfaces in purely two-dimensional (2D) Brillouin zone of the one-Fe unit cell. In reality, they are only quasi-2D and "warp" (i.e. disperse) along the third direction of the wavevector space, to varying degrees in different iron-based materials.
II. ELECTRON CORRELATIONS AND BAD-METAL BEHAVIOUR
An important clue to the microscopic physics of the FeSCs comes from the early observation that the metallic phases of the iron pnictides and chalcogenides are all characterized by bad-metal properties, as we explain below. Experimental and theoretical studies of such bad-metal behavior have provided considerable insights into the degree of electron correlations in both these classes of materials.
A. Iron pnictides and chalcogenides as bad metals
Consider a representative iron arsenide, such as BaFe 2 As 2 . It is metallic and develops AF order at a Néel temperature (T N ) which is about 140 K. 15 As with the other iron-based compounds, above T N it is a paramagnetic metal with a rather large electrical resistivity. Several of these compounds are sufficiently clean to allow the observation of quantum oscillations at low temperature. However, even these have a very large magnitude of electrical resistivity at room temperature. This signifies a bad metal by the Mott-Ioffe-Regel criterion 30 , namely the mean free path is very short, on the order of inter-particle spacing: its product with the Fermi wavevector, k F is of order unity. To estimate k F , one recognizes that there are p = 4 or 5 bands crossing the Fermi level (Fig. 2c) . Based on the single-crystal in-plane resistivity at room temperature of about 400 µOhm-cm, the estimated k F ≈ 5/p ≈ 1 for each Fermi pocket. This should be contrasted to a good metal, such as Cr, for which the resistivity in the paramagnetic state just above the room temperature is about 40 times smaller 31 .
Because electron-phonon scattering has a much smaller contribution to the resistivity, such a small value of k F in the iron pnictides signifies strong electron-electron interactions 12, 32 .
A related signature of the strong electron correlations is a considerable reduction in the weight of the Drude peak of the optical conductivity. As illustrated in Fig. 3a 44 . It has been suggested that the ordered vacancies reduce the kinetic energy and, in a way similar to the oxychalcogenide case described above, gives rise to a Mott insulating state 45, 46 . The alkaline iron selenides have a "234" phase as well, AFe 1.5 Se 2 , for which too the Mott insulator nature has been suggested based on measurements with angle-resolved photoemission spectroscopy (ARPES) 47 .
C. Orbital-selective Mott physics
To study the effect of electron correlations, it is important to recognize the multi-orbital nature of the electronic states. Conversely, the multi-orbital physics can be utilized to extract clues about the degree and nature of the electron correlations. The OSMP was anticipated theoretically. Fig. 3c shows the zero-temperature phase diagram calculated for the potassium iron chalcogenides at the 3d-electron filling N = 6, in the paramagnetic case with tetragonal lattice symmetry (instead of the AF-ordered case, to highlight the localization effects associated with the Coulomb repulsive interactions). When the combined U and J H interactions are sufficiently large, a Mott insulator phase arises. An OSMP occurs between this phase and the one in which all the 3d orbitals are itinerant. 40, 52 .
When the electron filling deviates from the commensurate value N = 6, the Mott insulator phase is suppressed but the OSMP survives a finite range of electron filling. Similar results arise for a model without the ordered Fe-vacancies. 40 When the system at zero temperature is purely itinerant but close to the boundary of the OSMP, increasing temperature induces a crossover to an OSMP, which is consistent with experimental observations (Fig. 3d ).
Several factors are responsible for the OSMP. First, in the noninteracting limit, the bandwidth of the xy orbital is smaller than those of other orbitals. Second, the Hund's coupling suppresses inter-orbital correlations; this effectively decouples the 3d xy orbital from others and keeps the xy,xz and yz orbitals effectively at half-filling. (Such an interorbital decoupling is also essential for the stability of the OSMP phase, given that the orbitals are mixed in the non-interacting limit.) Third, the degeneracy of the xz and yz orbitals makes the threshold interaction needed for their localization to be larger than its counterpart for the non-degenerate xy orbital 149 . As a combined effect of these factors, the 3d xy orbital has a lower interaction threshold for the Mott transition, and the OSMP ensues.
We note that the OSMP is an extreme limit of the effects of orbital-selective correlations.
More generally, the 3d xy orbital is not Mott localized, but is close to a Mott localization, and the system may still exhibit strong orbital dependent effects [54] [55] [56] . We also note that OSMP is pertinent to other classes of strongly correlated electron systems 149, 150 .
The experimental observations and general considerations summarized in this section suggest the importance of electron-electron correlations in determining the properties of the iron pnictides and chalcogenides. They have provided the basis for various approaches to these systems 12,14,21,54-67 which are "strong coupling", in the sense that the effect of electronelectron interactions is treated non-perturbatively.
III. MAGNETISM AND ELECTRONIC NEMATICITY
Because an AF order typically exists near superconductivity in the phase diagram of the FeSCs, magnetism has received considerable attention in the field since the very beginning.
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There has also been increasing recognition for the role that nematic order, the breaking of orientational symmetry, plays in uncovering the microscopic physics.
A. Magnetism in the iron pnictides
As already illustrated in Fig. 2b , the parent iron pnictides are antiferromagnetically ordered. The ordering wavevector is (π, 0) (the notation is that of the Fe square lattice), as shown in Fig. 4a . This AF order is the background for quantum fluctuations of the spins below the Néel transition temperature T N . These have been probed by inelastic neutron scattering 15 , which measures the frequency and wavevector dependences of the spin structure factor, S(q, ω), or of the dynamical spin susceptibility, χ (q, ω).
A striking feature is that the spin fluctuations remain very strong over a wide temperature range above T N . [69] [70] [71] In Fig. 4a , the dynamical spin structure factor is shown in terms of equal-intensity contours in the wavevector space. At relatively low energies, these are ellipses near (±π, 0) and (0, ±π). At high energies, they have the form of spin-wave-like excitations all the way to the boundaries of the AF Brillouin zone 70 . The peak intensity traces out a spin-wave-like energy dispersion, which is also shown in Fig. 4a .
The electron-correlation effects implied by the bad-metal behavior discussed above have inspired the study of the magnetism with the local moments as the starting point. Electron correlations turn the majority of the single-electron excitations incoherent and distribute them away from the Fermi energy. An expansion has been constructed in terms of the fraction, denoted by w, of the single-electron spectral weight that lies in the low-energy coherent part of the spectrum. 12, 32 . To the zeroth order in w, the incoherent electronic excitations (when their charge degrees of freedom are "integrated out") give rise to localized magnetic moments associated with the Fe ions. In the case of the iron arsenides, the porbitals of the As ions mediate the exchange interactions among the local moments. This leads to geometrical frustration in the magnetism: With each As ion sitting at an equal distance from the Fe ions of a square plaquette (Fig. 2a) , the exchange interactions contain J 1 and J 2 , between the nearest-neighbor and next-nearest-neighbor sites, respectively, on the Fe-square lattice 12, 72, 73 . General considerations suggest that J 2 > J 1 /2. In this parameter regime, the ground state of the J 1 -J 2 Heisenberg model on the square lattice has the collinear (π, 0) order 74 , as is observed experimentally.
Because the charge gap in the incoherent excitations is relatively small, and also due to the Hund's coupling in the multi-orbital setting 75 of the Fe-based compounds, multiple spin couplings may be of importance. In particular, the four-spin biquadratic coupling K of the form K(S i · S j ) 2 has been shown 76,77 to be significant. Moreover, at higher order in w, there are itinerant coherent electrons which are coupled to the local moments and introduce damping to the spin excitations. The calculated spin structure factor 76 for the As the majority of the electron spectral weight is in the incoherent sector, the above discussion implies a large spin spectral weight. It has become possible to test this experimentally. In Fig. 4c , χ , the momentum-integrated dynamical spin susceptibility 78 as a function of energy E is shown. A further integration over energy, corresponding to dE dq S(q, E), yields a total spectral weight of about 3µ 2 B per Fe. This corresponds to the spin spectral weight of a full spin-1/2 moment, i.e. one µ B per Fe, as anticipated.
The spin spectral weight and its distribution in energy provide another means to characterize the strength of electron correlations. For weak correlations, the spin degrees of freedom should be described in terms of triplet excitations of electrons and holes near the Fermi energy. In such a weak-coupling description 79, 80 , the enhancement of the spin excitations near (±π, 0) and (0, ±π) would arise from a Fermi-surface "nesting" effect, i.e. A quantitative analysis is shown in Fig. 4d . Calculations based on the dynamical meanfield theory (solid lines), which incorporate the contributions from the incoherent part of the electron spectral weight, capture the right size of the spin spectral weight within the energy range of experimental measurements 78 . A weak-coupling calculation, based on the random-phase approximation (RPA) (dashed lines) considerably underestimates the spin spectral weight.
B. Magnetism in the iron chalcogenides
An AF order also appears in a variety of iron chalcogenides. In FeTe, it has the pattern illustrated in Fig. 5a , corresponding to an ordering wavevector (
). This ordering pattern can be understood in terms of local moments coupled through multi-neighbor J 1 -J 2 -J 3 exchange interactions, in the presence of the biquadratic K couplings 66, 81 . The spin spectral weight, dE dq S(q, E), is now even larger, given that the ordered moment is already 2.5 µ B per Fe.
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These observations further elucidate the microscopic physics. The Fermi surface in the paramagnetic state of the 11 (e.g. FeTe) iron chalcogenides is similar to that of the iron pnictides, as illustrated in Fig. 2c , left panel. For such a Fermi surface, (
) is not a nesting wavevector. Therefore, the magnetic ordering pattern in FeTe cannot be understood within an itinerant nesting description. This suggests that the above considerations on the spin spectral weight of the iron pnictides continue to apply in the FeTe case. 
IV. QUANTUM CRITICALITY
In many correlated-electron materials, several ground states can be in competition and it is often possible to tune from one to another through a "quantum critical point" (QCP) by adjusting some control parameter, for example pressure, magnetic field, chemical composi-
tion. An essential characteristic is that dynamical fluctuations of an order parameter play a key role in determining the behavior in the neighborhood of the QCP. Although quantum phase transitions between distinct ground states occur at absolute zero, their effects may be observed over a range of non-zero temperature. The physics of quantum criticality in the iron pnictides and chalcogenides has been reviewed in Ref. 103 .
As the iron-based superconductors exhibit a number of different phases: paramagnetic metal, superconductor, antiferromagnet in their phase diagrams, it is reasonable to expect that it is possible to access one or more QCPs by identification of appropriate control parameters. Fig. 6a shows an example, in which the QCP separates an AF metal from a paramagnetic one, and is accessed by a tuning parameter, which, as we discuss below for a particular compound, can be precisely the w of the measure of electron correlations that was introduced in Sec. IIIA.
The considerations of Section II on electronic correlation and proximity to a Mott transition imply that by tuning the ratio of kinetic energy to Coulomb repulsion from small to large, one could pass from an AF state to a paramagnetic one via a magnetic QCP. Fig. 6a is adapted from Ref. 18 , where it was first proposed that isoelectronic substitution of P for As in, for example LaFeAsO or BaFe 2 As 2 , would increase that ratio, here measured by w.
This is because P is substantially smaller than As, which leads to a reduction in the unit cell volume (as well as the pnictogen height), thus an increase in kinetic energy.
Apart from its intrinsic interest as an exploratory tool for the physics of quantum criticality, the isoelectronic tuning of w provides a window on the effects of electron correlation that is complementary to the studies described in previous sections, which placed the iron chalcogenides on the side of stronger correlation as compared to the pnictides. Here we move to weaker correlation in the arsenides by P for As substitution. The use of isoelectronic substitution and its associated quantum criticality is of particular interest in the context of superconductivity: P substitution for As in the Ba 122 compound destroys antiferromagnetism, the grey region in Fig. 6b and enables superconductivity, the brown region in the figure. Although direct access to the QCP is inhibited by the presence of superconductivity, it is observed that as x is varied, the maximum T c (x) is found very close to x = x c , similarly to what is observed in other strongly-correlated systems.
V. SUPERCONDUCTIVITY DRIVEN BY ANTIFERROMAGNETIC CORRE-LATIONS
We have thus far discussed that electron correlations in the iron pncitides and chalcogenides are sufficiently strong to place these materials in the bad-metal regime, and that frustrated magnetism of local moments describes the dominant part of the magnetism. What are the implications for unconventional superconductivity? What are the structure and am-plitude of the superconducting pairing?
The general picture for unconventional superconductivity was illustrated in Fig. 1b . Electron pairs are formed through attractive interactions that are generated while the Coulomb repulsion is being avoided. Pairing correlations will be disfavored between electrons on the same site, which experience the dominant repulsive interactions. Instead, pairing correlations develop among electrons from different sites. Because of this, the orbital part of the pairing wave function tends to be in channels orthogonal to the conventional s-wave channel;
these range from an extended s-wave to cases with angular momentum larger than 0.
The proximity of the superconducting phase to the AF ordered phase suggests the impor- pockets. The pairing function is reflected in the single-particle excitation spectrum at the Fermi surface. Where it is nonzero, a gap develops in the spectrum. Where it vanishes, the spectrum is gapless; in other words, there is a node in the gap. ARPES measurements have found a spectrum that is fully gapped. This is shown in Fig. 7a , where the gap function ∆ is plotted at the different parts of the Fermi surface; it is seen to have a magnitude of about 10 meV. The ratio 2∆/T c is about 4-7, thus larger than the BCS value of ∼ 3.5.
On the other hand, when J 1 is dominant, d-wave pairing with a (cos k x − cos k y ) form factor and a B 1g symmetry is favored. In the magnetic frustration regime, with J 2 and J 1 being comparable, a quasi-degeneracy in pairing channels emerges in model calculations. It is interesting that such features arise from a variety of approaches, regardless of whether the correlations are treated non-perturbatively or perturbatively 21, 22, [60] [61] [62] [63] [111] [112] [113] [114] .
To distinguish among the various approaches, it is instructive to compare the behavior of the gap in the iron chalcogenides, especially since there are cases when they have only electron Fermi surfaces. This is illustrated in Fig. 7b , for the case of the K x Fe 2−y Se 2 . We note that, here too, the gap is nodeless. Moreover, the magnitude of the gap for the electron Fermi pockets having the dominant spectral weight (those near the M points in the Brillouin zone) is comparable with that of the iron pnictides. This is consistent with the fact that the superconducting transition temperature (T c ) of K x Fe 2−y Se 2 is comparable to that of the iron pnictides.
The lesson of such comparisons is that the pairing amplitudes are comparably large in the cases with or without any hole pocket, that is to say with or without Fermi-surface
nesting. This has a natural understanding in models where pairing is driven by short-range interactions such as the exchange interactions. Fig. 7c shows the pairing amplitude as a function of J 1 and J 2 in multi-orbital models with the pnictide (7c left) and chalcogenide (7c right) -type Fermi surfaces 21 . This shows that, in spite of their distinctive Fermi surfaces, the dominant pairing channels as a function of the exchange interactions are similar in the two cases. Equally important, the pairing amplitudes are comparable in the two cases.
B. Effects of orbital-selectivity on superconducting pairing
As we have discussed in Sec. IIC, electron correlations can show strong orbital selectivity, which affects the electronic properties in the normal states significantly. A natural question is whether the pairing symmetry and amplitudes in the superconducting states are also influenced by the orbital selectivity. Studying this issue provides additional means to explore the effect of electron correlations on the properties of the superconducting state.
Within the strong-coupling approach, the pairing order parameter is defined in the or- J is the antiferromagnetic exchange coupling and here and in Fig. 7c , D is the effective bandwidth, as renormalized by electron-electron interactions, whereas W and t in Fig. 7d are the bare bandwidth and kinetic-energy ("hopping") parameter, respectively.
This result can be generalized to the following principle, which is illustrated in the left panel of Fig. 7d : the maximum of pairing amplitudes, and hence the optimal superconductivity is reached in the parameter regime of the phase diagram near the Mott transition. To see this, we note that, from a recent study on a multiorbital Hubbard model using a slave rotor approach, the exchange interactions increase as the Mott transition is approached from both the insulating and the bad metal sides (right panel of Fig. 7d) . 110 At the same time, for a system with carrier doping, the renormalized bandwidth D is reduced as the Mott transition is approached by decreasing doping. Correspondingly, at the boundary between electronic localization and delocalization, the ratio J/D will be maximized and so will the superconducting pairing amplitudes. This principle suggests a route for optimizing superconductivity. It also gives an explanation of some key experimental observations, such as the comparable T c in iron pnictides and alkaline iron selenides, which have very different Fermi surface geometries. In fact, experiments 15 revealed that these two materials have comparable exchange interactions. In addition, both systems can be considered as being in proximity to the point of Mott transition (Fig. 7d, left panel) , and therefore have a comparable degree of bad metallicity and renormalized bandwidth.
VI. DISCUSSION
The subject of the iron-based superconductors is so vast that it does not permit a truly comprehensive survey of manageable length. However, we wish to discuss several additional issues that extend our discussions so far and have the potential for much more in-depth studies.
A. Quantum criticality and emergent phases beyond isoelectronic dopings
The case for quantum criticality is quite strong near the optimal doping under the isoelectronic P-for-As substitution in BaFe 2 As 2 , as we have discussed in Sec. IV. By contrast, for carrier-doped iron arsenides, it remains to be established whether the effects of quantum criticality operate near optimal doping over a substantial temperature and energy range. Further studies are clearly called for to explore quantum criticality in the carrier-doped iron arsenides. For example, it would be illuminating to investigate the evolution of the lowtemperature electrical resistivity as a function of doping x in the normal state induced by suppressing superconductivity by a high magnetic field, as was discussed in Sec. IV for the isoelectronic doping case 20 . This should be particularly promising, given that the electrical resistivity at optimal Co-doping is quite close to being linear in T 16 . Likewise, ascertaining an E/T scaling in the magnetic and nematic dynamics by neutron scattering would be exceedingly instructive.
B. Connection between iron pnictides and iron chalcogenides
As we already discussed, iron pnictides were the focus of the attention in the beginning of the field. The main families of the iron pnictides, particularly the 1111 and 122 systems, share many similarities in their electronic and magnetic structures: the Fermi surfaces typically consist of nearly nested hole and electron pockets, and the superconductivity is close to a (π, 0) collinear AF order in the phase diagram. Subsequently, the iron chalcogenides were extensively studied. These systems show considerable variance in their electronic and magnetic properties: some high T c compounds have only electron pockets, and the AF ground state could be considerably different from the (π, 0) AF order.
We have taken the perspective that most of the iron pnictides and essentially all the chalcogenides have an electron occupancy on the 3d orbitals that is close to 6, and the degree of electronic correlations forms a continuum from the iron phosphides through iron arsenides all the way to the iron chalcogenides. A unified phase diagram is illustrated by the results of theoretical studies on the correlation effects -of both the direct Coulomb repulsion U and the Hund's coupling J H -in multi-orbital Hubbard models, similar to the one shown in the left panel of Fig.3c . 40, 52, 54 Yet another way to tune the system is to vary the 3d-electron filling such that it reaches far away from N = 6. The alkali iron pnictides AFe 2 As 2 with A = K, Rb, and Cs provide an opportunity to study such effects. Valence counting gives N = 5.5 for these systems, corresponding to a large hole doping relative to the usual parent iron arsenides. This is verified
by ARPES experiments, which show that the Fermi surfaces in these compounds contain only hole pockets 29 . Even though their superconducting transition temperature T c is small (3.5 K in the case A = K, and becomes even smaller for the Rb and Cs cases), experimental evidence suggests that the superconductivity is unconventional [137] [138] [139] [140] . Moreover, there is a huge mass enhancement implying that they are strongly correlated [141] [142] [143] .
The fact that AFe 2 As 2 is in between the N = 6 and N = 5 limits suggests that studying this system may link the properties of the usual systems close to N = 6 with those closer to N = 5. If all the five 3d orbitals were degenerate, N = 5 would correspond to half filling, while N = 6 would be considerably away from half filling. However, the 3d orbitals in these systems are non-degenerate, and we have discussed in Sec. II C that, even for N = 6, the 3d xy, xz and yz orbitals can be close to half filling over an extended range of electron-electron interactions. Studying the orbital selectivity as N goes from 6 to 5 would therefore help reveal the nature of the electron correlations in the iron pnictides 52,55 .
This issue is actively being studied experimentally. There is evidence that a particular orbital (the d xy orbital, for example) is closer to Mott localization. In other words, the system may be closer to an orbital-selective Mott transition. The particularly enhanced correlations in the nearly localized orbital explain the unusually large Sommerfeld coefficients observed experimentally, while measurement of the Grüneisen ratio suggests a proximity to quantum criticality as A goes from K through Rb to Cs 143 . It will be illuminating to understand the nature of this QCP and its detailed relationship to superconductivity, as well as to explore how to extend N from 5.5 towards 5 143 .
VII. SUMMARY AND OUTLOOK
Concerted efforts during the past seven years have led to a large materials basis for superconductivity in the iron pnictides and chalcogenides. The superconducting transition temperatures are high compared to those of conventional superconductors and in the bulk materials at ambient pressure are second only to those achieved in the copper oxides. Moreover, recent experiments have shown that T c can be further increased in the iron chalcogenides.
The microscopic physics and superconductivity of the iron pnictides and chalcogenides is the subject of active ongoing studies, both theoretical and experimental. Still, extensive understandings have already been achieved, which we have summarized. These include:
• The normal state of the iron-based superconductors is a bad metal. More specifically, the DC electrical resistivity at room temperature is large, reaching the Mott-Ioffe-Regel limit. Relatedly, the Drude weight of the optical conductivity is strongly suppressed compared to its non-interacting counterpart. A relatively modest enhancement of the electron-correlation strength through a kinetic-energy reduction leads to a fully localized, Mott-insulating regime. These and other properties provide compelling evidence that the iron pnictides and chalcogenides are strongly correlated in that the effect of electron correlations is non-perturbative. They also provide evidence for the normal state being in proximity to a Mott transition. Relatedly, orbital selectivity has been found in the bad-metal regime, with its extreme form being an orbital-selective Mott phase.
• The spin excitations map out a spin-wave-like spectrum. The total spectral weight of the observed excitations is large, in that it corresponds to a local moment on the order of one to several µ B per Fe. Across the materials basis, the variation in the size of the local moments goes well with the variation in the degree of electron correlations inferred from electrical transport and charge dynamics studies. The energy dispersions of the spin excitations implicate a J 1 -J 2 magnetic frustration, as was theoretically recognized from the beginning of the field. The detailed energy and momentum distributions of the spin spectral weight encode the damping of the spin excitations, whose variation across the materials basis also seems consistent with the corresponding variation in the degree of electron correlations.
• Electronic nematicity has been observed in the normal state of many if not all the FeSCs. There is considerable evidence that its origin lies in the spin degrees of freedom, although the issue remains to be fully settled.
• Compelling experimental evidence has accumulated for quantum criticality predicted to occur in the isoelecronic P-doped iron arsenides. There is also indication for quantum criticality in the carrier-doped iron arsenides, although the case here needs to be further substantiated.
• Superconductivity is unconventional in that it is primarily driven by electron-electron interactions and, relatedly, that the superconducting pairing is not in the conventional s-wave channel. We have summarized the arguments for superconductivity being primarily driven by antiferromagnetic correlations, and discussed the implications of the comparably large T c and pairing amplitudes observed in the FeSCs with or without a Fermi-surface nesting. Finally, there is considerable theoretical basis for the quasidegeneracy among several competing channels of superconducting pairing.
The properties observed in these materials and the theoretical considerations outlined here suggest that optimized superconductivity occurs in bad metals that are not only close to a magnetic order but also at the boundary of electronic localization and delocalization. This notion connects the FeSCs to unconventional superconductivity that has been observed in other classes of strongly correlated materials, such as the copper oxides, heavy fermion metals and organic charge-transfer salts. Indeed, the normal state of all these other superconductors satisfies the criterion of bad metals. Therefore, higher T c superconductivity may appear in materials which possess even larger antiferromagnetic exchange interactions but retain bad metallicity.
